INTRODUCTION
Cigarette smoking is the leading preventable cause of death in the United States, 1 and nearly four million smokers are hospitalized annually. 2 Hospitalization requires temporary tobacco abstinence, providing patients an opportunity to quit smoking. Illness may also enhance motivation to quit. 2 Tobacco cessation interventions that start in the hospital are associated with increased cessation rates, but to be effective, they must sustain treatment for more than a month after discharge. 2 This evidence led the Joint Commission to adopt a tobacco cessation quality measure for U.S. hospitals in 2012 that was endorsed by the National Quality Forum in 2014. 3, 4 The measure requires hospitals to document all admitted patients' smoking status and to offer smoking cessation counseling and pharmacotherapy both in the hospital and at discharge.
Hospitals have not generally translated this evidence into routine practice. A particular challenge is linking smokers to ongoing cessation support after hospital discharge. 2 Delivering post-discharge cessation counseling by telephone is effective, 2 but not widely adopted due to expense. A potentially cost-effective, scalable alternative uses interactive voice response (IVR) technology to automate post-discharge telephone calls. 5, 6 By substituting a computer for a human caller, an IVR system can make multiple calls both during and outside normal business hours and initiate contact soon after discharge when patients are at high risk of relapse. IVR can provide targeted motivational messages to promote self-efficacy, quit attempts, and smoking cessation medication adherence, and can facilitate medication refills to ensure a full course of treatment. It can improve the efficiency of telephone counseling by identifying the subset of smokers likely to benefit, and connect these smokers to live counselors.
IVR systems have been used in smoking cessation interventions in inpatient and outpatient settings, [5] [6] [7] [8] [9] including a tobacco cessation intervention for smokers admitted to Canadian hospitals. 10 We adapted that model to create a multi-component intervention that facilitated the delivery of counseling and pharmacotherapy to smokers for 3 months after hospital discharge. We tested two versions of this model in two randomized controlled trials (RCTs). The IVR components were similar across trials, differing only in how smokers seeking additional support were subsequently connected to live telephone counseling. In the single-site Helping HAND [Hospital-initiated Assistance for Nicotine Dependence] 1 (HH1) RCT in 397 hospitalized smokers, the IVR system prompted a hospital-based counselor to call patients within 48 h. This intervention increased biochemically validated smoking cessation by 71% at 6-month follow-up compared to standard post-discharge care (26% vs. 15%, relative risk 1.71, 95% CI 1.14-2.56). 11 In the multi-site Helping HAND 2 (HH2) RCT of 1357 hospitalized smokers, participants seeking additional support during an IVR call were transferred directly to a telephone quitline, a free, nationally accessible scalable cessation resource. The HH2 intervention improved smoking cessation rates at 3 months, but 6-month results did not differ. 12 A possible explanation for this difference is that in HH2, fewer smokers who requested additional counseling during an IVR call actually reached a counselor. 12 Contrary to expectation, connecting smokers directly to a community-based quitline was cumbersome and was less successful in engaging smokers in counseling than having hospital-based staff make a separate call to smokers. 12 Nonetheless, the IVR interventions themselves, including call scripts and schedules, were nearly identical. To increase statistical power and generalizability, this report pools data from the two trials to describe the IVR system's feasibility and acceptability for patients and to examine the association between IVR dose received and smoking cessation success. We hypothesized that smokers completing more IVR calls would have a higher smoking cessation rate at 6-month follow-up.
METHODS

Setting and Subjects
The Helping HAND trials were two similar randomized controlled trials testing the effectiveness of post-discharge smoking cessation interventions for hospitalized adult cigarette smokers who planned to stop smoking after discharge. 11, 12 HH1 (2010-2012) was conducted at Massachusetts General Hospital (MGH; Boston, MA).
11 HH2 (2012-2015) was conducted at MGH, North Shore Medical Center (Salem, MA), and the University of Pittsburgh Medical Center (Pittsburgh, PA). 12 Both studies were approved by the Partners HealthCare Institutional Review Board and registered with the National Institutes of Health ClinicalTrials.gov registry (NCT01177176, NCT01714323). Detailed study protocols were published previously. 13, 14 In both studies, inpatient tobacco counselors saw hospitalized smokers to encourage cessation. They referred patients who met study eligibility criteria to study staff, who obtained informed consent, conducted the baseline assessment, and assigned participants to a study condition. Adults (≥18 years old) were eligible if they were current daily smokers, received inpatient smoking cessation counseling, and stated that they planned to quit or try to quit smoking after discharge. Participants were randomly assigned to standard care (control) or sustained care (intervention) groups, stratified by daily cigarette consumption (< 10 vs. ≥ 10) and admitting service (cardiac vs. other). This report pools data from the intervention groups of both trials.
Intervention
At discharge, intervention participants were registered with the IVR vendor (TelASK Technologies, Ottawa, Canada) using a web interface and given a free 30-day supply of their choice of any U.S. Food and Drug Administration (FDA)-approved cessation medication (refillable twice). Participants received five tailored outbound automated IVR calls scheduled at 2, 14, 30, 60, and 90 days post-discharge. For each call, the IVR system made eight attempts to reach participants at their choice of a land line or cell phone number over 4 days.
Each IVR call lasted 1-2 min. It assessed a participant's current smoking status, intention to quit or confidence in staying quit, current smoking cessation medication use, and desire for additional telephone counseling support or medication refill (Fig. 1) . Prerecorded motivational messages, tailored to participants' responses, encouraged participants to stay quit or make another quit attempt, promoted the use of smoking cessation medication, and offered to triage smokers to a counselor for additional cessation support. In HH1, trained hospital-based counselors made the return calls, using a standardized counseling protocol, aimed at increasing medication adherence and helping prevent relapse or restarting quit attempts. 13 In HH2, participants were connected to a counselor at a commercial quitline vendor, who offered similar options. Participants could request counseling during any IVR call, but the IVR script also encouraged participants to speak with a counselor if they had low confidence in their ability to stay quit, resumed smoking but still wanted to quit, needed a medication refill, had problems with their study-prescribed medication, or stopped using medication before completing a full course. To encourage participants to answer incoming IVR calls, the caller identification was the name of the hospital, and participants received written information with expected call dates. Participants were required to answer IVR calls to request free medication refills or access a human counselor.
Measures/Assessments
Baseline measures included demographic factors, health insurance, number of cigarettes per day, nicotine dependence (time to first cigarette after waking 15 ), prior use of tobacco cessation treatment, perceived importance of and confidence in quitting (10-point Likert scales), postdischarge intention (quit vs. try to quit), presence of another smoker at home, and a screen for alcohol abuse (AUDIT-C). 16 Hospital records provided primary discharge diagnosis and length of stay.
Participants were called 1, 3, and 6 months after discharge to assess tobacco use and smoking cessation treatment use. The primary outcome was biochemically validated past-7-day tobacco abstinence at 6 months, defined as abstinence from any tobacco product. Participants' self-reported abstinence was validated with a mailed saliva sample for assay of cotinine, a nicotine metabolite, or in-person exhaled air carbon monoxide (CO) measurement. 17 Self-reported abstinence was verified if cotinine was ≤10 ng/ml or CO < 9 ppm. 18 At follow-up, participants were asked three questions about their satisfaction with the IVR intervention: (1) BHow helpful was it to get phone calls to check in about your smoking after you left the hospital?^(5 options, very helpful to not at all helpful); (2) BIf a friend or family member who smokes and wanted to stop were hospitalized, would you recommend that they be followed by an automated telephone support system to help them stop smoking?^(5 options, strongly recommend to strongly not recommend); and (3) an open-ended question asking what was and was not helpful about the automated telephone support.
The number of IVR calls answered by each participant was measured using records from the IVR provider. Calls were considered completed if the recipient answered the first question, which asked about smoking status.
Analysis
Analyses were performed using SAS version 9.4 software (SAS Institute Inc., Cary, NC), and included participants randomly assigned to the intervention (sustained care) groups of both trials. We calculated the proportion of IVR calls that were answered across participants and the average number answered per participant. We conducted bivariate and multivariable analyses to identify the characteristics and post-discharge treatment utilization for participants who completed more than the median number of IVR calls. We tested the hypothesis that more calls would be associated with greater smoking cessation using multiple logistic regression models. Patients with missing outcomes or whose self-reported abstinence was not biochemically validated were counted as smokers. Biochemically validated 6-month abstinence was the dependent variable. Number of completed IVR calls was the primary independent variable. We adjusted for age, sex, race, education, study (HH1 or HH2), discharge diagnosis (smoking-related vs. not), nicotine dependence, importance of and confidence in quitting, and duration of cessation medication use. We tested for an interaction between number of IVR calls and study cohort (i.e., HH1 or HH2) to examine whether the effect of the IVR calls differed by the counselor to whom smokers were connected (i.e., hospital-based vs. quitline-based).
Participants ' responses to an open-ended question about what they liked and did not like about the IVR calls were analyzed qualitatively by identifying pervasive themes. A coding rubric with multiple categories was developed to account for all responses. Two coders independently coded responses into these categories, then discussed and resolved discrepancies. Inter-rater reliability, using Cohen's kappa, was 0.79.
RESULTS
Recruitment and Retention
Of the 1756 patients enrolled in the two trials (n = 397 in HH1, n = 1359 in HH2), 879 were randomly assigned to the intervention groups (n = 198 in HH1, n = 680 in HH2) between August 2010 and July 2014.
11,12 HH1 achieved higher follow-up completion rates than HH2: 90% vs. 82% at 1 month, 83% vs. 76% at 3 months, and 83% vs. 75% at 6 months (p < 0.05 for all comparisons). Seventeen intervention group patients (2%) died during follow-up. Among self-reported nonsmokers at 6 months in HH1 and HH2, 79% and 68%, respectively, provided a biological sample for confirmation. Abstinence was confirmed in 86% and 72% of these samples. Detailed information about clinical follow-up was reported previously.
Baseline Characteristics
Baseline characteristics for the intervention groups of the two studies are displayed in Table 1 . The samples differed in 
Utilization of the IVR Intervention
In both studies, participants were scheduled to receive five IVR calls each. Excluding canceled calls, 2574 (61%) of 4189 IVR planned calls were completed. Fewer planned calls were completed in HH2 than in HH1 (59% vs. 70%, p < 0.0001). In both trials, the proportion of participants who completed a call declined with elapsed time post-discharge; 72% of calls were completed at day 2, 69% at day 12, 62% at day 28, 54% at day 58, and 48% at day 88. Participants completed a median of three of five calls (IQR 2-4). One-quarter of participants (25%) answered all five calls, 42% answered four or more, 62% answered three or more, and only 12% answered no calls.
In univariate analyses, participants who completed 4-5 IVR calls versus 0-3 calls were more likely to be older and to have a smoking-related or circulatory disease discharge diagnosis, but did not differ significantly on other factors (Table 2 ). In a multivariable logistic regression analysis that adjusted for sex, race, and education, completing more IVR calls was associated with older age (OR 1.36, 95% CI 1.20-1.54, for each decade), a smoking-related discharge diagnosis (OR 1.65, 95% CI 1.21-2.23), and study cohort (OR 2.00, 95% CI 1.45-2.86, for HH1 vs. HH2; Table 2 ). A circulatory disease discharge diagnosis was also associated with completing more IVR calls (OR 1.58, 95% CI 1.16-2.14) when substituted for smoking-related disease in this multivariable model.
At every IVR call, participants were offered to be connected with a counselor who could provide support and refill medications. Participants requested connection at 1154 (43%) of 2655 IVR calls answered. The request rate was higher in HH1 (339/670, 51%) than in HH2 (823/1985, 41%; p < 0.01). Over 95% of participants chose to use nicotine replacement therapy after discharge, most commonly nicotine patch with or without an oral formulation. A medication refill was requested during 803 (30%) of 2655 completed IVR calls, while counseling was requested in 578 (22%). Fewer participants requested a medication refill in HH1 (27%, 180/670) than in HH2 (31%, 623/ 1985; p < 0.05), while more participants requested a counselor in HH1 (25%, 167/670) than in HH2 (21%, 411/1985; p < 0.05). During follow-up, participants who completed 4-5 calls versus 0-3 calls were also more likely to use counseling (56% vs. 35%; p < 0.0001) or cessation medication for >1 month (91% vs. 75%; p < 0.0001). 
Satisfaction with IVR Calls
Participants were generally satisfied with the IVR calls: 75% of HH1 participants and 69% of HH2 participants (70% overall) rated the IVR system as very or somewhat helpful. Ninety percent of HH1 participants and 82% of HH2 participants (84% overall) said they would recommend the program to family or friends who smoked. Four hundred thirty participants (49%) provided open-ended comments about which IVR properties they found most helpful. Comments were grouped into categories as follows: (1) IVR calls acted as a reminder to quit, (2) the check-in made them feel accountable for quitting, (3) the calls offered social support for quitting, (4) they offered access to live counseling, (5) they provided access to medication refills, and (6) IVR calls were convenient and easy to use (Table 3) . Four hundred twenty-two participants identified characteristics of the IVR calls that were not helpful (Table 4) . A small proportion of respondents did not like receiving automated calls, did not want any help, or stated that the calls came at inconvenient times, but most complaints related to the system's functionality in the HH2 trial. Many participants in that study stated that the process required to reach a counselor at the quitline was cumbersome.
Tobacco Cessation
Across both studies, 164 intervention group participants (18.7%) had biochemically verified past-7-day abstinence at 6 months after discharge. In a multiple logistic regression analysis that adjusted for age, sex, race, education, duration of cessation medication use after discharge, and study cohort (HH1 vs. HH2), participants who completed more IVR calls were more likely to be abstinent at 6 months (OR 1.49, 95% CI 1.30-1.70 for each additional call completed; Table 5 ). Other factors independently associated with greater tobacco cessation success were lower nicotine dependence, a smokingrelated discharge diagnosis, perceiving greater importance in quitting, having more confidence in the ability to quit, using cessation medication for more than 30 days after discharge, and enrollment in HH1 (vs. HH2). The association persisted when we substituted baseline plan to quit for confidence in quitting in the analysis. The interaction between number of IVR calls and study cohort was not significant. The association between number of IVR calls completed and cessation 
(22%)
BKnowing that I have support. At least someone is thinking about it.B I like the support…that people reach out and care if you're smoking or not smoking.B Nice to have someone to talk to that encourages youÂ ccess to counseling 11 (10%)
BOpportunity for a counselor to call youB Gave you the chance to talk to a support systemB Option to say yes or no to someone calling back, and I always said yes^1
(6%)
BI had the option to speak to a stop smoking counselor.B Helpful to keep in touch with Quit CoachesB Coaches gave me assurance. It was very helpful.Â ccess to medication
(5%)
BMaking sure I have enough medicationB Getting the medication through the calls^3
(12%)
BThey kept in touch, and if you needed refills, they could offer that.B It was very helpful to have my medication refilled.B The ease of getting your medicineÛ nspecified help 13 (11%) BThey are great!B They help^8
(28%)
BVery helpfulB Everything was great.Ĥ elpful characteristics of the IVR functionality
(4%)
BThe voice of the IVR was calming.B Perfect timingB It asked simple questions.B Knowing when the calls were coming^2
(9%)
BVery intuitive in terms in how to use, and brief and to the pointB Easy to understand and easy to followB They made it easy to answer the questions. and it was very convenient.1 success was also observed when the HH1 and HH2 trials were analyzed separately (data not shown).
DISCUSSION
This analysis of data from two large randomized trials of hospitalized smokers found that automated phone calls using IVR technology were a feasible and acceptable means of delivering smoking cessation support after hospital discharge. Smokers answered most calls and reported that they liked how IVR calls reminded them to stay quit, made them feel accountable, offered social support, and facilitated access to additional tobacco cessation medication and counseling. IVR is also more resource-efficient for health systems than having staff conduct calls.
The study found a strong dose-response relationship between the number of IVR calls answered and cessation success at 6 months. This association is consistent with, but does not prove, a causal relationship. It could also occur if participants who were a priori more likely to quit answered more IVR calls or if participants who relapsed stopped taking calls. Because the dose-response relationship remained significant after adjustment for baseline assessments of nicotine dependence, a smoker's plan to quit, confidence in ability to quit, importance of quitting, and presence of a smoking-related disease, the multivariable analysis does not support the alternative explanation that smokers who were more likely to quit answered more IVR calls. However, we cannot exclude unmeasured confounding.
Our findings are consistent with those of previous studies using IVR calls to maintain contact with patients outside of traditional health care settings and to triage at-risk patients to auxiliary services. [19] [20] [21] [22] [23] [24] [25] [26] IVR has also been used successfully as a tool for recruiting smokers into tobacco cessation treatment, [27] [28] [29] but IVR calls have been less successful in increasing quit rates in purely outpatient settings. [7] [8] [9] Our study, like others, 22, 28 found that older smokers and those with a smoking-related disease answered a greater number of IVR calls. These smokers may be more motivated to quit, more often at home to receive calls after discharge, or more likely to answer the telephone. Younger smokers may prefer post-discharge contact by text message rather than phone calls. Future interventions might add other communication modalities to IVR technology. Patient acceptance of IVR calls decreased between HH1 and HH2, despite similar efforts to maximize response rates. Whether the difference between the 2010 and 2014 studies was attributable to a decline in smokers' willingness to accept telephone calls, a difference in study populations, or another cause is uncertain.
Rates of response to telephone polls have been shown to decline over time, 30 but we know of no data on response rates to IVR calls over time. Even with the lower response rates in HH2 compared to HH1, 59% of IVR calls in the second trial were completed.
The strengths of this study include its large sample size, multiple hospitals, and the integration of quantitative and qualitative data. The study design does not allow us to determine, however, whether IVR calls would be associated with cessation success without the offer of free cessation medication or if the intervention were provided to smokers not interested in quitting. Overall, our findings demonstrate that IVR technology offers health care systems a feasible, acceptable way to sustain tobacco cessation treatment after hospital discharge. The next question is whether IVR systems will be adopted for routine care delivery. The Medical University of South Carolina has done so. 31 IVR technology can also help hospitals meet the Joint Commission's tobacco cessation quality measures, which require hospitals to connect smokers to cessation support after discharge. 3, 4 Currently, these measures are optional. Making them required might encourage adoption of IVR systems. Hospitals also have a less tailored, cheaper option for meeting the measures. They can refer inpatients directly to state-sponsored telephone quitlines that are free and available to any smoker. 32 However, the effectiveness of quitlines for sustaining cessation after hospital discharge has yet to be demonstrated. 33, 34 The primary issue for health system adoption is whether the extra costs of IVR are worth the extra benefits (if shown) compared to free quitlines. Research is needed to compare the cost-effectiveness of quitlines and IVR systems so that hospitals can make an informed choice in how to meet tobacco quality measures and contribute to reducing the burden of tobacco-related disease. The duration of medication use may be mediator of the benefit of completing IVR calls on tobacco abstinence. We modeled it both as a mediator and as a potential confounder. The models produced similar odds ratios for the effect of the primary independent variable, number of IVR calls completed, on tobacco abstinence
